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(57)Abstract: 

PURPOSE: To reduce contact resistance, and remarkably reduce the operating voltage of a light 
emitting device, by forming a thin film GaPN layer between an AIGeInN based layer and an 
electrode. 

CONSTITUTION: In order to reduce contact resistance in wide band gap semiconductor, a thin 
film GaPxNI-x (0.1<x<0.9) layer whose band gap is very small or equal to zero is inserted. 
Thereby a potential barrier formed between an electrode and a surface layer is remarkably 
reduced, and ohmic contact is very easily obtained. The values of thickness, composition, etc.. of 
the GaPxNI-x (0.1<x<0.9) layer between an AIGalnP based layer and the electrode are different 
from the carrier concentration and the composition (band gap) of a layer composed of AIGalnP 
based layer, and therefore not specially limited. Usually the desirable thickness is necessary only 
for satisfying the effect that the contact resistance is reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by having 1-GaPxNx (O.K=x<=0,9) layer of a thin film between the layers and electrodes which 
consist of an AIGaInN system. 

[Claim 2] The semiconductor device according to claim 1 characterized by the layer which consists of this AIGaInN system being p mold. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor device which reduced especially contact resistance greatly about a 
semiconductor device about light emitting devices, such as blue which used the gallium nitride system ingredient - green light emitting diode, and blue 
- green laser diode. 
[0002] 

[Description of the Prior Art] There is that of a **** better potato in progress of a raise in the brightness of the latest blue and green light emitting 
diode (LED), and the ZnSSe system and the AIGaInN system are used as an ingredient. When high concentration p mold doping to growth and the GaN 
system of the quality gallium nitride (GaN) system compound semiconductor film to a substrates top. such as sapphire and SIC. was attained now. the 
blue light emitting diode of high brightness is realized, and double hetero structure as shown in drawing 2 is used. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since GaN (Eg=3.39eV) of a wideband gap is used for the surface contact layer as shown in 
drawing 2 . a potential barrier with an electrode tends to become large, and this causes the increment in operating voltage (in the case of drawing 3 
and n mold, for Fermi level and EV. the energy of the bottom of a valence band and qphiB are [ EC / the energy of the bottom of a conduction band, 
and EF ] a potential barrier). There is the technique of inserting first the layer which carried out the heavy dope directly under an electrode, namely, 
forming metal-n+-n and the structure metal-p+-p Becoming with such a wideband gap semi-conductor, in order to lower contact resistance (when it 
is drawing 4 , however n mold). Since a depletion layer becomes thin very much and a carrier can pass by the tunnel effect freely, It stops thereby, 
showing resistance, although a potential barrier remains. Although hole concentration can dope to the high concentration of 1019 sets in the n mold 
GaN, on the other hand, it enters only to 1017-set level by the present condition with p mold GaN doping. For this reason, especially the layer that 
consists of a p mold AIGaInN is difficult for implementation of sufficiently low contact resistance. The increment in this operating voltage leads to 
generation of heat of a component, and this poses a big problem in order to shorten a life. 
[0004] 

[Means for Solving the Problem] In producing the AIGaInN system LED by MOCVD or the MBE method, we came to solve the above-mentioned 
technical problem by inserting 1-GaPxNx (0.1<=x<=0.9) layer of a thin film between the layers and electrodes which consist of an AIGaInN system. 
This reason is that it has the special band structure that a band gap will decrease and a band gap will become zero by middle presentation whether 
GaPN makes P presentation increase from GaN or it makes N presentation increase from GaP. Then, even if it cannot make carrier concentration 
very high with a wideband gap semi-conductor by inserting 1-GaPxNx (0.1<=x<=0.9) layer of the thin film which is zero or a band gap is very small in 
order to lower contact resistance, the potential barrier formed between an electrode and a surface layer is reduced sharply, and it thinks very for ' 
becoming easy to take ohmic contact (in the case of drawing 5 and n mold). 

[0005] As 1-GaPxNx (0.1<=x<=0.9) layer of the thin film between the layers and electrodes which consist of an AIGaInN system whiQh is the main 
point of this invention Although it is not limited especially since it changes about values, such as thickness and a presentation, with the carrier 
concentration of a layer and the presentations (band gap) which consist of an AIGaInN system, as usually suitable thickness That there should just be 
thickness required to fulfill the effectiveness that contact resistance falls, it is usually 1 micrometer or less, and is often used by the thickness of 
about 5-100nm. 

[()006] Moreover, as a more suitable mixed-crystal ratio x, it is 0.9 or less [ 0.1 or more ]. and is 0.8 or less [ 0.2 or more ] more preferably. In addition, 
with the layer which consists of an AIGaInN system in this specification, the presentation of aluminum or In shall contain the thing of 0. Hereafter, 
although this invention is explained more to a detail using an example, this invention is not limited to an example, unless the summary is exceeded. 
(Example) The configuration of the equipment used for growth of this invention prepares a substrate conveyance room in the center, as shown in 
drawing 6 . and it has installed one substrate operating room and three reduced pressure MOCVD systems. A deposition chamber 1 is the usual 
MOCVD system, and is used for growth of an AIGaInN system compound semiconductor. Although a deposition chamber 2 is also the usual MOCVD 
system, it uses for growth of groups III-V semiconducter other than an AIGaInN system. A deposition chamber 3 can understand a raw material by the 
radical by microwave excitation, and uses it for the nitriding on the front face of a substrate, and growth of an AIGaInN system compound. A growth 
procedure is shown for the epitaxial wafer of structure as shown in drawing 1 . 

[0007] First, silicon on sapphire is introduced into a deposition chamber 3, and carries out a heating temperature up. In 500-degreeC. radical nitrogen 
is supplied to a substrate front face by microwave excitation by using nitrogen gas (N2) as a raw material before growth, and the process which makes 
a surface oxygen (O) atom permute by N atom. i.e.. nitriding. is performed. On this front face, 20nm of GaN buffer layers is grown up. Then, a substrate 
is cooled and a substrate is moved to a deposition chamber 1 through a conveyance room. It heats at the growth temperature C of 1000 degrees, and 
sequential growth of 4 micrometers of n mold GaN buffer layers, 1 micrometer of n mold aluminum0.2Ga0.8N cladding layers, 0.1 micrometers of Zn 
dope In0.1Ga0.9N barrier layers, 1 micrometer of p mold aluminum0.2Ga0.8N cladding layers, and the 1 micrometer of the p mold GaN contact layers is 
carried out on said epitaxial film growth substrate. At this time, hydrogen was used for carrier gas and trimethylgallium (TMG). trimethylaluminum 
(TMA), and trimethylindium (TMI) were used for III group material gas. Although ammonia (NH3) is generally used for V group raw material, organic 
metals, such as dimethylhydrazine with the sufficient decomposition effectiveness in low temperature and horse mackerel-ized ethyl, may be used for 
reduction of growth temperature. Si or germanium was used for n mold dopant, and Mg or Zn was used for p mold dopant. If needed, it continues after 
growth, and heat-treats in the growth interior of a room, and a carrier is activated. Then, a substrate is cooled and a substrate is moved to a 
deposition chamber 2 through a conveyance room. A substrate is heated to 700-degreeC and GaP0.2N0.8 with a thickness of 20nm is grown up as a 
contact resistance reduction layer on said epitaxial film growth substrate. At this time, hydrogen was used for carrier gas and NH3 and a phosphine 
(PH3) were used for V group raw material for TMG at III group material gas. Although said GaP0.2N0.8 contact-resistance reduction layer will enlarge 
the absorption of light which emitted light when it was made not much thick, it is very effective in reduction of contact resistance like the above- 
mentioned example also at a very thin thin film without the effect of light absorption. Moreover, since this contact resistance reduction layer has very 
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small resistivity, the role which extends a current on a front face is also given sure enough. 

[0008] Thus, the electrode was formed in the front-face side of the grown-up epitaxial wafer, and it was processed into the chip. When this chip was 
assembled as light emitting diode and made to emit light. In 20mA of forward current, the luminescence wavelength of 420nm. and 800 microwatts of 
radiant power outputs and a very good value were acquired. At this time, operating voltage was 3.3V and operating voltage was 4.0V In the 
conventional light emitting diode in which the electrode was formed on the p~GaN front face produced for the comparison. Reduction of this operating 
voltage meant the fall of generation of heat of the component itself, and has improved the life of a component greatly. 
[0009] Although the above-mentioned example was about light emitting diode, to say nothing of there being the same effectiveness also as 
semiconductor laser, about all the semiconductor devices that install a direct electrode on an AIGaInN system semi-conductor layer in addition to 
this, the loss by reduction In resistance can be reduced and effectiveness is demonstrated. 
[0010] 

[Effect of the Invention] When resistance is reduced and this is used as luminescence equipment by inserting 1-GaPxNx (0.1<=x<=0.9) layer of a thin 
film between the layers and electrodes which consist of an AIGaInN system, operating voltage can be reduced greatly and the property of the AIGaInN 
system light emitting device of ultraviolet - red and the life of a component can also be improved sharply. 



[Translation done.] 
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* NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 Drawing 1 is the explanatory view showing an example of the semiconductor device of this invention. 
[Drawing 2l Drawing 2 is the explanatory view showing an example of the conventional semiconductor device. 

[Drawing 31 Drawing 3 is the explanatory view of the energy band at the time of installing a direct electrode on the conventional AIGaInN system 
semi-conductor layer. 

[Drawing 4] Dr awing 4 is the explanatory view of the energy band at the time of preparing a heavy dope layer on the conventional AIGaInN system 
semi-conductor layer, and installing an electrode on it. 

[Drawing Sj Drawing 5 is the explanatory view of the energy band at the time of inserting 1-GaPxNx (0.1<=x<=0.9) layer, and installing an electrode on 
the AIGaInN system semi-conductor layer of this invention. 

[Drawing 6l Drawing 6 is the explanatory view of a manufacturing installation used in the example 1. 



[Translation done.] 



http:/ /www4.ipdl jpo.go.jp/ cgi-bin/tran^web.cgLeije 



2004/06/01 



(19) B*H»t1=/f (JP) 



<«2) ^ ^ # 1^ ^ # (A) 



#ffi¥8-213653 

(43)4iBBB ¥J« 8 ^(1996) 8^200 



(51)lnt.Cl.' SlgiJiB^ ;frtS31## Fl tt«fi«*@3f 

H 0 1 L 33/00 C 
HOIS 3/18 



(21)ffie$^ 


If IB¥7 -281958 


(71)MHA 


000005968 










(22)mBiB 


7 ^(1995) 10^ SOB 












TiL iiwi 


(31)«56li^®S# 


Ife^Fe -265498 






(32)flE%Q 


¥6 (1994) 10^28 B 








B* (J P) 


(72)«?B# 
























(74)«3aA 


#ffi± mm 



(54) i3>i5^^hffigiiS«S&W'rS¥«#:S« 



(57) iMm] 

imm^ A I Ga I nNj^^'^^fx^>mhmm^:(Dm(D 

m\zm^<DGa.Fxm-x (0.1^x^0.9) m^t$A 



pMG aPN 







p S G a N 


P S A I G a N 


Zn K-yi nOaN 


n S A 1 G a N 







n S G a N 



-f y T ^ Tmm 



—465— 



1 

«Cl5K©GaPiNi-. (0.1^x^0.9) S^WT-S 
[0 0 0 1] 

CO 0 0 2] 

(LED) <DMMm^t(Dmm\z\tm^^v^^^(r)i^^^ 

0. UnhVX. ZnSSe?^-^Al Ga I nN^:^^^^ 
^(Dm^mrj:^^]::^V^A (GaN) m^b'S'<^¥^»f*:Si 

[0 0 0 3] 

Ts^-r^vlz. ^mzi>i^^hm\zu^ \^n>\^^^r^y^ 
COGaN (Eg=3.3 9eV) ^ffiViTVi^/tJblC. m 

ffiCOitJra^aV^Tb^^ (S3, nm(Dm^. Ec«e 

•r?^3b-&inetaI-iH-ii, iDetal-iH-p>S:Sfl!ifi^J^J5rr'5^ 
(S4. n^o^-^) , ctHzJ:r). 

n&mmtm^t)^. 4^mz^±mf)m<fjir>. ^^ut 
ff^i^mzh>^)]^i^m'vmm'rT^^ttiib. fitt^^^?^ 

<;^j:^o n^GaN-Cl^i}>-;^^S^;&n Oi»^^Vi«5l^ 

-tf>i?^T«, 3g«-t?«i oi'#ix^;v*-eb;&^A6;^ 
^cD/ciftlc, i^t::p^A 1 Ga I nNib^^U^m^i 

^(Dmimyi. mTo>^mz^i^f)^r). z.num^^m< 

[0 0 0 4] 

BE^*rA 1 Ga I nNI^LED^f^ia-r^tC$»;^c:0, 

A 1 Ga I Tii^^fi^^fs.^mt.nmh<Dm\zm^(DG Si 

PtNi-« (0. l^x^O. 9) S^rffAT^^lttCJ; 
0, ±iB©^jS^»5tr^fC3lofc. dCOMH, Ga 



(2) #5g5p8-2 1 3 6 5 3 

2 

PNti> G aN?5^^Pm^^^iiln]^^Tt), ^fcGaP 

(DGaPiNi-x (0. 1 ^x^O. 9) ^^Jf A-r^ili: 

[0 0 0 5] *»?goil.«-e*SA 1 Ga I nN«;&i^ 
rcC^®<hmStCDFplO»^<DGaP,Ni-x (O.l^x 

^0,9) BtuTtt, m-^. m^m(om\z^^^xu. 

A 1 G a I n \^m^^U^m<D^r U TiSS^mfife (A 

[0 0 0 6] XcfcD«^ji;^j:^i^Jtx<i:LT«. 0. m 
±0. 9JKTT&0. J;D»^b<ttO, 2eil±0. 8 
i^ilTT^^o f^d. ^mmm\Z^^^XAl Ga I nNI^;6> 

(Dt-r^o :^^m^mmm^mi^x^y)mmiz^ 

immw) *i^m(D0z&\zmm i.-^mm<Dm^\tm e \z 

mt^oiz^^iz^^mm^^m^f. ^^^Wk^imt 

30 MffiMO,CVD^g3^S:iS@bT*^« 1 «ii 

WO^MOCVD^MT^D. A 1 G a I n N«^b^i»4^ 

-C^-5;&«A 1 Ga I nN^ejinc[) I I I - VM^^^^^ 
mi^<r>jSu^\zm^^^. t5^nsia 

msA 1 G a I n nmt^m<DfSLmzm^^^. m i \zm 

[0 0 0 7] ^-r^yr^rmwL^m^L^zyzmxx^. 
40 jm^Mu-r^. 5 0 0' cjc^fev^T, 0SLmmzmmisx 

(N2) ^S^efiibT, 'T^^D?^a®tCcJ:0^>^;^;Jl^ 
aiRSrSS^MfCfl^l&b. ^®<0K^ (O) l^^^Nl^ 

tC> GaNn^y:7TM2 0 nmS:^^:^$-ti-^o 

So fifefiMS^ 1 0 0 0* CT?jnf^b. fi«rfBxfc?5':^^>'Y 

;l/Kj«:^StE±JC. n^GaNA';;:7 7B4Mm, niB 
A lo.zGao.sN^^^y KBl um> ZnK-~yin 
0. 1 G ao. 9 Nfifl^^O. 1 /zm, p^A 1 0. 2 G ao.s N 
50 C^'yvYMl um. pliGaNn>^^ hBl tem^li 



—466— 



(3) 

3 

X. I I imMnt!?.\z. hU;^5";U:^f y •i^A (TM 
G) , hO:<^)U7)\^^-^Jx (TMA) . hU;?^^^;^ 

^>z^^ix (TMi) ^m^^t^. Ymumz.\x. -wttf^ 

{cfriT^^-T (NH3) ti^m^^^ti^ti^. f&miWi&<r> 
MH-/X>hlw(l. Si*fc:«Ge*, pl!K-/t>h 

l2Xfc:^4^>'^;HKfiK:gS«_LICjP^2 0 nmCDGaP 

€r> ^^'JT:^;^tC7K^<&ffl^^T, i i immm:^^. 

\Z. TUG^Vmmm\Z\t. NH3RtX3jNX:7>f > (P 
Ha) ^^fflb;^Co MieGaPo.zNo.sSMffiJaigift® 
^K>m<'r^t:^ythrz^<D^iCL^±^<l.XV^ 

vtf^. ±mmmm<o^o\z. ^mm(os^m(Du^m'^\z 
m^mmx%mm&m.(Di&miz. ^^jc^^jt^^o ^ 20 

[0 0 0 8] ^l(Z>J;5^CLT^:g:U^Xt!^:*^5>'^;U'> 

jL;\(D^mm\zmm^i^0ii^. ^^^yr/jcjtoxufco 

d^. m:^\p\mm2 0mAJ,Zi5\,>X. ^^»L:g4 2 0n 

m. ^^w:^8 0 0 uwt#mz^»^mi!)m^nrz. 
ufc p - G a Nmm±\zmm^mfi^vr:i^^^<Dm^y-f 

[@1] 



/ p !a C a FN 

1 I 







pfiG a K 


P a A 1 G a N 


ZnP~:7*InGaN 


• n S A I G a N 







n a G a N 



O a N V 7 7 V 



4^ra¥8-2 1 3 6 5 3 

[0 0 0 9] ±mmmm\t. ^^y-(:t-\^\z^^^xx 

3^Tt>?^<, ^bT^(D^A 1 Ga I nNl^^^fr® 
[0 0 10] 

[^B>B<^S&:^] A 1 Ga I nNJ^tt^^U^m^mmtiO 
F^tCliilKCDGaPiNt., (0. l^x^O. 9) H^ffA 

«^-gSfi<OA 1 G a I n N*a!«lR^(Di|*ftRt;c 
[^®co(S#7^S^§g] 

[01] milt. *^m^<Di¥^mi^&n(o-m^^'rmm 
[0 2] 02 \tvt^(D^mi^mm(D-m^7r:'rmmmx 

[0 3] 0 3«, tJe*<^A I Ga I nN3^^«#:Mcr)± 
[0 4] 0 4«. «e*COA I Ga I nN^#^^*:®CO± 

\z^\f-]^-':/m^mn't(D±i,zm,m^mmi^r:Lm^(D 

[0 5] 0 5 ^^m(DA I G a I n NJ^^^^JiO 
±tCGaPiNi-i (0. l^x^O. 9) ^<£jfAUTm 

[0 6] 0 6(^. ^SS^Jl'r^V);^SS[5S£gS(;)i^Qq0T 



[02] 



a N 



P 9G a N 




Pfi A I G a N 


ZnK-T'InGaN 


n ffi A 1 G a N 







n SG a N 



7 T >f rat* 



—467— 



(4) 



1 3 6 5 3 



[03] 



[04] 



[05] 




[06] 





-468— 



